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1	Introduction
NR based access to unlicensed spectrum (NR-U) has been studied in 3GPP [1], and new issues have arisen because of the listen-before-talk requirement (LBT) in unlicensed bands. In [2], the issue of uplink transmit timing was brought up upon which several possible options were proposed.
In this paper, we discuss the UE uplink timing requirement in NR-U.
2	UE uplink transmit timing in NR-U
Section 7.1 in TS 38.133 R16 [3] includes the following text:
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
The current description in R16 is clear that the requirements on UE uplink timing accuracy only applies provided that at least one SSB is available at the UE during the last 160 ms. In NR-U, since the UE would utilize spectra which also host other RATs, the probability of this side condition being met is relatively lower than NR in licensed bands given other conditions are the same.
In NR-U, the probability that at least one SSB is available at the UE during the last 160 ms is lower than NR in licensed band given the other conditions are the same.
Based on Observation 1, it’s clear that new uplink timing accuracy requirements need to be mandated to guarantee the system performance. Since due to operating in unlicensed bands, the channel might be more heavily loaded than operating in licensed bands, the timing accuracy requirements need to be relaxed accordingly. Similar to option 1 in [2], we propose to set different uplink timing accuracy requirements depending on the availability of SSB. Assume the SSB is available during the last X ms, and X is a multiple of 160 by integers. When X = k*160, the corresponding uplink transmission timing error should be bounded by Tek. The relationship between X and uplink transmission timing error limit Tek may look like the following:

	X
	UL transmission timing error
	Comment

	160
	Te1 
	Same as Te, as defined in table 7.1.2-1 of 38.133

	320
	Te2
	More relaxed than Te1

	480
	Te3
	More relaxed than Te2

	…
	…
	…

	k_max * 160
	Tek_max
	



The maximum allowed value of k should be FFS.
If no SSB is available during the last k_max * 160 ms, then the radio link failure handling procedure shall be triggered in the same way as now it would be triggered if uplink transmission timing error exceeds Te as defined in table 7.1.2-1 of 38.133. 
Assume the SSB is available during the last X ms, and X is a multiple of 160 by integers. When X = k*160, the corresponding uplink transmission timing error should be bounded by Tek. The relationship between X and uplink transmission timing error limit Tek may look like the following:
	X
	UL transmission timing error
	Comment

	160
	Te1 
	Same as Te, as defined in table 7.1.2-1 of 38.133

	320
	Te2
	More relaxed than Te1

	480
	Te3
	More relaxed than Te2

	…
	…
	…

	k_max * 160
	Tek_max
	



The maximum allowed value of k should be FFS.
If the timing error exceeds k_max * 160 ms, reuse the current procedures to handle radio link failure in Release 16.
3	Conclusion
Observation 1: In NR-U, the probability that at least one SSB is available at the UE during the last 160 ms is lower than NR in licensed band given the other conditions are the same.
Proposal 1: Assume the SSB is available during the last X ms, and X is a multiple of 160 by integers. When X = k*160, the corresponding uplink transmission timing error should be bounded by Tek. The relationship between X and uplink transmission timing error limit Tek may look like the following:
	X
	UL transmission timing error
	Comment

	160
	Te1 
	Same as Te, as defined in table 7.1.2-1 of 38.133

	320
	Te2
	More relaxed than Te1

	480
	Te3
	More relaxed than Te2

	…
	…
	…

	k_max * 160
	Tek_max
	



Proposal 2: The maximum allowed value of k should be FFS.
Proposal 3: If the timing error exceeds k_max * 160 ms, reuse the current procedures to handle radio link failure in Release 16.
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